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Variations of sea level in the Baltic, so far as they can be observed from 
curves recorded by tide gauge, are usually such a complex phenomenon that it is 
often extremely difficult to detect the origin ai the variations. Contrarily to condi­
tions prevailing in the oceans, tides play only a minor part as compared with other 
disturbance factors. There are nevertheless definitely preceptible tides in the 
Baltic, and the determination of harmonic constants for the various constituents 
can be effected by the usual method without trouble. During the summertime, on 
calm days marked only by slight fluctuations of atmospheric pressure, the curves 
indicating sea level variation show a surprisingly regular periodic wave, revealing 
the tide. During these periods there is an extremely satisfactory degree of 
agreement between curves observed and those computed by means of harmonic 
constants.
The type cf tide varies in different parts of Finnish waters. In the inner 
and central areas of the Gulf of Bothnia and Gulf or Finland the tide is definitely 
or the diurnal type, while along the southwest coast of Finland and around the
O
Aland Islands a mixed type of oscillation is observed. This fact enables the conclusion 
to be reached that the specific tide in the Baltic is of the diurnal type, but that 
in the southern and central parts of the sea, the semi-diurnal waves entering the 
Baltic through the Belts and Sund may be superimposed on this wave. The influence 
of these waves abates as they advance into the larger gulfs and finally becomes 
negligible as compared with the effect of the diurnal components. With reference 
to the range of the Baltic tide, it may be of interest to quote a few figures.
Under the most ravourable circumstances, the difference between H W  and 
L W  is about 15 cm., in the interior of the Gulf of Finland, for instance, while 
at the mouth of the gulf, this difference does not even reach 5 cm. (3). The 
tide in the Gulf of Bothnia is even less marked than in the Gulf of Finland. This 
may be explained by the fact that the Gulf oi Bothnia, unlike the Gulf of Finland, 
is not directly connected with the Baltic, but constitutes an area that is more or less
separated from the central basin by the Aland Islands and the shallow sea in the 
archipelago. The greatest variations that can be caused by the tide amount to 
less than 7 cm. at the far end of the Gulf of Bothnia, and they decrease to 3 cm. 
in the southern part of the gulf (2).
These figures suffice to show that even the widest variations caused by the 
tide in the Baltic and its gulfs cannot be compared with the effect of the tide on
(*) Bracketed figures refer to the bibliography at the end of this article.
other sea coasts, where the difference between HW  and LW  often reaches several 
meters. In order that at least approximately equivalent differences may be attained 
in the Baltic, variations in sea level that are caused by meteorological factors must 
be considered, especially wind and atmospheric pressure. The effect of precipi­
tation and evaporation must also be mentioned, but these two factors cannot be 
held responsible .or large variations. The flow of rivers into the sea, especially 
in the spring, as well as the amount of water coming through the Belts and the 
Sundï are likewise factors to be considered.
Wind and atmospheric pressure usually operate jointly in much the same 
way, so that it is often difficult to assess the influence of either of these factors on 
fluctuations in sea level. According to Witting (11), the effect of atmospheric 
pressure is not always easy to evaluate, especially in view of the continual change 
in the barometric situation, to which the sea level has not the time to adapt itseif 
completely. Hence, when he theoretical coefficient of -13.6 for atmospheric 
pressure is retained, quite unacceptable wind-effect values are obtained. However, 
in cases where atmospherical formations are more or less stationary, results may be 
altogether satisfactory. I have estimated under such conditions that the effect of 
atmospheric pressure was responsible for approximately 25 % of the total variations 
in sea level (4). Stenij (10) while investigating an extreme case causing a destructive 
flood at the end of the Gulf of Finland, calculated that the atmospheric pressure 
effect induced a rise in sea level of about 25 cm.,or slightly more than 10 % d: the 
total rise. Account must also be taken of the fact that the influence of meteorological 
factors may take very different forms : at times there may be free oscillations, and 
at others :orced oscillations. Moreover, in many cases the wind causes a rise in 
the sea surface that is sometimes characterized by considerable slope (Windstau). 
Very often these various factors are observed to operate jointly. Palmen (7 - 9), 
in various thorough surveys, has dicussed the question of elevation of the sea surface 
due to wind action. The seiche in the Baltic has been investigated by Neumann
(6), among others. In general, however, a thorough and successful analysis has 
only been possible in strongly marked instances. Usually the total result composed 
of various factors can only be observed.
The question then arises as to what constitutes the extreme ranges of 
fluctuations of sea level in the Baltic. They naturally mainly depend on the position 
of the locality where observations have been carried out, continually progressing 
towards the interior areas of the Gulfs of Bothnia and Finland. As an approxi­
mate norm, it can be stated that the range or variation at Kemin, at the bottom 
of the Gulf of Bothnia, is about twice as large as at Degerby, located south of the
Aland Islands. A  few figures supporting this fact may be given (5). The 
difference between absolute maximum and minimum observied at Kemi during the 
entire period the tide gauge has been in operation at that station amounts to 292 cm., 
while the corresponding difference at Degerby only reaches 147 cm. Absolute 
fluctuations at Kemi are therefore 2 .0  times as large as at Degerby. The mean 
annual difference at Kemi is 214 cm. and 96 cm. at Debergy ; the ratio between 
these two figures is therefore 2.2. For mean monthly differences, we get 104 cm. 
and 45 cm. respectively, making a 'ratio of 2.3. As regards diurnal differences, 
the corresponding means are approximately 21 cm. at Kemi and 10 cm. at Degerby, 
which means that the ratio in this case is 2.1. This series of four figures, 2.0, 
2 .2, 2.3 and 2.1 shows that remarkable consistency prevails between variations in 
sea level at Kemi and Degerby over different periods. Similar regularity may 
be noted as prevailing at all other tidal stations along the coasts: of Finland.
Certain very interesting conclusions may be drawn from this fact. A t 
Degerby, which is a station already mentioned as being located on an island in 
the central area of the Baltic itself and its larger gulfs, variations of sea level 
reflect, at least in first approximation, the mean fluctuations of the sea m question. 
It may be pointed out, for instance, that correlation between the monthly means 
of sea level for the entire Baltic (determined by Hela (1) for the ten-year period 
1926-1935) and for Degerby supplies a coefficient of 0.991. As might be 
expected, there is good correlation as regards the Baltic as a whole and Kemi, but 
in this case the coefficient only amounts to 0.875. The number of oscillations that 
are characteristic of the station is therefore incomparably larger at Kemi than at 
Degerby, although there is likewise evidence of them at Degerby. Thus the 
maximum difference in sea level for the Baltic as a whole during the period described 
amounts to 111 cm., according to Hela, while the corresponding difference at 
Degerby is 146 cm. These figures prove that at least 25 % of the variations 
observed at Degerby must be attributed to local oscillations, while the remainder, 
or 75 %, depends upon the amount of water existing throughout the Baltic. These 
variations in turn, are mainly due to the amount of water flowing through the Belts 
and the Sund. If conditions at Kemi are similarly examined, it may be observed 
that at this station the picture changes completely. Here, slightly more than 60 % 
of the variations are to be attributed to the local influence of meteorological factors, 
or at least to factors prevailing in the Gulf of Bothnia area ; and about 40 % to 
fluctuations in the amount of water in the Baltic. The reasons for this considerable 
dissimilarity are not easily round. A  rise in the height of the sea surface due 
to wind action is a strongly marked phenomenon m the interior of the gulf, but is 
of slight importance at Degerby. Oscillations of the seiche in the (( Baltic proper-
Gulf of Bothnia » system have a nodal line in the area of the Aland Islands. 
Consequently the effect of the seiche, which may be made evident by a range of 
over a meter at Kemi, is practically negligible at Degerby. Similar analyses 
carried out in the case of other stations may enable a rough estimate to be made 
of the part played by the various factors in total variation of sea level.
1. H e l a  Ilmo. — Ueber die Schuankuugen des Wasserstandes der Ostsee mit
besonderer Berücksichtigung des Wasseraustauschès durch die dânischen 
Gewasser. Ann. Acad. Sc. Fenn., Al, 28, Helsinki, 1944.
2. L is it z in  Eugénie. — Die Gezeiten des Bottnischen Meerbusens. Fennia, 67 No 4
Helsinki, 1943.
3. L is it z in  Eugénie. — Die Gezeiten des Finnischen Meerbusens-. Fennia. 68, No. 2.
Helsinki, 1944.
4. L is it z in  Eugénie. — The relation between wind, current and water level in
the Gulf of Bothnia. Soc. Sc. Fenn., Comm. PhyS.-Math., X III, 6, Helsingfors, 
1946.
5. L is it z in  Eugénie. — Contribution to the knowledge of the range of the sea
level variation in the North Baltic. Merentutk. Julk./Havsforskn. Skr. No. 153, 
Helsinki/Helsingfors, 1952.
6. N eumann Gerhard. — Eigenschw ingungen der Ostsee. Aus d. Arch. d. Deutschen
Seewarte u. d. Marineobs. Bd. 61, No. 4, Hamburg, 1941.
7. P almen  E. — Ueber die Einzcirking des Windes auf die N eigung der Meeresober-
flache. Soc. Sc. Fenn., Comm. Phys.rMath., VI, 14, Helsingfors, 1932.
8 . P almen  E. — Ueber die von einem stationàren Wind verursachte W asserstmung.
V. Hydr. Konf. d. Balt. Staaten, Helsinki/Helsingfors, 1936.
9 . P almen E. u n d  L a u r il a  E. — Ueber die Einw irking eines Sturmes auf den
hydrografischen Zustand iru nôrdlichen Ostseegebiet. Soc. Sc. Fenn. Comm. 
Phys.-Math., X  1, Helsingfors, 1938. ’
10. S t e n ij S. E. — Ueber das Hochwasser im Finnischen M eerbm en am  23. Sep­
tember 1924. V. Hydr. Konf. d. Balt. Staaten, Helsinki/Helsingfors, 1936.
11. W itting  Rolf. — L ’influence de l’état de l’atmosphère sur la surface de la mer.
Ôfvers. af Finska Vetenskaps. Societ. Fôrh. Bd. U X , 1916-1916, Afd. A. No. 13, 
Helsingfors, 1917.
